AGNETIC resonance imaging with Gd enhancement is rapidly becoming the modality of choice for the diagnosis of meningioma. 8, 24 Although the relationship between MR imaging findings and meningioma consistency has been investigated, prediction of meningioma consistency with conventional MR imaging is controversial. 6, 7, 10, 13, 19, 22, 23 Recently, DT imaging has been developed to obtain quantitative information regarding the magnitude and directionality of water diffusion. 12, 13, 16, 17, 19 Several quantitative indices are available from DT imaging, including FA, relative anisotropy, and volume ratio. The FA can precisely measure the degree of deviation from isotropic diffusion 1-3, 5,9,11,15,16,20,21 and provides the best performance in terms of contrast-to-noise ratio as a function of signal-to-noise ratio in simulations.
, matrix 256 ϫ 260, gap 2 mm, and b-factors 800 seconds/mm 2 . Fast spin echo T1-and T2-weighted imaging were performed prior to DT imaging, and T1-weighted imaging with contrast medium was performed after DT imaging.
The FA value was calculated using a subprogram of the Functool image analysis software (General Electric Medical Systems). The ROIs were placed at the enhanced central region of the tumor as determined on a T1-weighted MR imaging slice in which the contrast medium revealed the maximal tumor size. These ROIs were automatically transferred onto the coregistered FA map constructed from DT imaging. The FA value was calculated as the mean of the values for every pixel in a given ROI. The signal intensity of the tumors was also classified as hypointense, isointense, or hyperintense, relative to gray matter on T2-weighted images.
All tumors were resected, and the histological diagnosis was established. The histological subtype was classified according to the system of Russell and Rubinstein. 17 Tumor consistency was determined during surgery and classified as soft, for tumors easily removed using suction alone, and hard, for those that required use of scissors or a Cavitron Ultrasonic Surgical Aspirator (Valleylab) set at a high frequency. A senior neurosurgeon (H.K.), who was blinded to the FA value, determined tumor consistency intraoperatively.
Statistical Analysis
Descriptive statistics were expressed as means Ϯ SDs. Differences in FA among histological tumor subtypes were examined using the Scheffé F test. The FA values were compared between hard and soft tumors using the MannWhitney U-test. Logistic regression analysis was used to determine the joint effect of multiple variables on meningioma consistency. Covariates were age, sex, tumor location, and FA value. For logistic regression analysis, tumor location was classified as skull base (sphenoid ridge, CPA, olfactory groove, tuberculum sellae, and tentorium) or non-skull base (convexity, falx, and parasagittal region). The sensitivity and specificity of the FA value for detecting hard tumors was evaluated using receiver operating characteristic curves. Correlations between signal intensity on T2-weighted images and tumor consistency were analyzed using the chi-square test. Statistical significance was set at a probability value less than 0.05.
Results
The histopathological subtypes of the 29 meningiomas studied were as follows (Table 1) : angiomatous and microcystic (one each), fibroblastic (four), transitional (five), and meningothelial meningioma (18) . The FA values of fibroblastic meningiomas (0.49 Ϯ 0.04) were significantly higher than those of meningothelial meningiomas (0.27 Ϯ 0.10) (p = 0.002). However, the FA values did not differ between fibroblastic and transitional meningiomas (0.35 Ϯ 0.10), or between transitional and meningothelial meningiomas.
Of the 29 tumors, 11 were classified as hard and 18 as soft ( Table 1 ). All four fibroblastic meningiomas were classified as hard. The FA values of hard tumors (0.41 Ϯ 0.09) were significantly higher than those of soft tumors (0.25 Ϯ 0.08) (p = 0.0003) (Fig. 1 ). Logistic regression analysis demonstrated that the FA value was a significant independent predictor of tumor consistency ( Table 2 ). Sensitivity and specificity of FA values for detecting a hard tumor were 91 and 67%, respectively, for a cutoff point close to the left upper corner of the receiver operating characteristic curve ( Fig. 2 ) (cutoff point: FA = 0.3). For the same cutoff point, the positive and negative predictive values were 63 and 92%, respectively. This yielded a 33% false-positive rate and a 9% false-negative rate for detecting a hard tumor. For a cutoff point of FA equal to 0.42, specificity for detecting a hard tumor and positive predictive value were both 100%. For a cutoff point of FA equal to 0.27, sensitivity and negative predictive value for detecting a hard tumor were both 100% (Fig. 1) . Representative cases are shown in Fig. 3 . The relationship between tumor consistency and findings on T2-weighted MR images is shown in Table 3 . Hyperintense or isointense tumors on T2-weighted images tended to be soft. However, no statistically significant difference in intensity on T2-weighted imaging was evident between soft and hard tumors.
Discussion
In the present study we have demonstrated that FA values calculated from preoperative DT imaging predict the consistency of meningiomas.
Preoperative planning for resection of meningiomas requires information about tumor consistency as well as location and size. Consistency is an important factor in determining surgical outcome for tumors located at the skull base, which occasionally encase arteries or cranial nerves. 22 Operating time is also influenced by tumor consistency; 17 whereas soft tumors can easily be resected with gentle manipulation and suction, painstaking dissection is required for harder tumors. Thus, information regarding the consistency of meningiomas certainly aids the surgeon in designing the resection strategy.
Several investigators have reported that histological appearance is one of the factors determining tumor consistency and that the hardness of meningiomas is derived from their high fibrous content; 6,7 however, others have reported no significant correlation between histological findings and meningioma consistency. 11, 22 Results of the present study showed that all fibroblastic meningiomas had a hard consistency and that FA value was significantly higher in fibroblastic meningiomas than in meningothelial meningiomas. The higher FA values in fibroblastic meningiomas may reflect an abundance of collagen or reticulin within the matrix, which would affect the anisotropy of the lesion.
The correlation of signal intensity on MR imaging and meningioma consistency remains controversial. Several investigators have shown a significant correlation between intensity on proton density or T2-weighted images and meningioma consistency; 7, 13, 19, 22, 23 however, others have reported no significant correlation, 6 ,10 which corresponded with our results. Signal intensity on proton density or T2-weighted images mainly depends on tissue water content; 4 softness of a tumor is due to high water content. 7, 23 However, meningioma consistency also depends on fibrous content, 7, 13, 19, 22 which affects the FA value. 2, 12 In the present study, FA values of hard tumors were significantly higher than those of soft tumors. Logistic regression analysis also demonstrated that FA value was a significant independent predictor of tumor consistency. These findings suggest that FA value calculated from preoperative DT imaging predicts the consistency of meningiomas.
We previously reported FA values of normal white mat- ter as 0.33 Ϯ 0.04. 2 In the present study, meningiomas with FA values greater than 0.42 were always hard, and those with FA values less than 0.27 were always soft. These cutoff points were approximately equal to the mean plus two SDs (0.41 for hard tumors) and the mean minus two SDs (0.25 for soft tumors) of FA values obtained from normal white matter.
In terms of limitations of the present study, intraoperative assessment of tumor consistency was qualitative. More precise quantification of tumor consistency may help in preoperative planning, and we would recommend that this should be performed in future studies.
Conclusions
The FA value calculated from preoperative DT imaging predicts meningioma consistency. 
